Introduction
Microwave absorption studies of the Group Ilia monofluorides have resulted in improved rotational and hyperfine structure constants for A1F and InF and the first observation of the GaF spectrum. Previously, only the v = 0 and 1 spectra of A1F 1 and InF 2 were reported, leaving the rather large Y21 ( = 7e) rotational constant unknown, so that the reported Y01 and Yn rotational constants are somewhat erroneous. An additional goal of this work was to obtain more accurate hyperfine interaction constants, e q Q and cj, for the Al, Ga and In nuclei and to determine the molecular electric dipole moments of GaF and InF. The rotational constants 3 , magnetic hyper-fine constant and dipole moment 4 of TIF have been determined from both microwave absorption and molecular beam electric resonance studies. In the present work TIF served as the Stark field standard /<0(T1F) =4.2282(8) D from BOECKH et al. 4 . Since various rotational transitions of TIF were employed in these studies, an extensive study of the TIF spectrum was completed as a by-product of our Stark effect measurements.
Experimental Techniques
For the rotational transition measurements, both the hot cell and cold cell (pseudo molecular beam) spectrometers were employed, while Stark effect measurements were obtained in the hot cell spectrometer. Of the four monofluorides investigated, only TIF is commercially available. Thus, Al, Ga and In monofluorides were produced by means of a high temperature reaction-vaporization technique. Finely divided metal was mixed with A1FS or CaF2 and heated to 900-1200 °C. The trifluorides of Ga and In, which are commercially available, are not suitable as reaction partners due to their high volatility.
During observations on GaF, vaporized from a mixture of Ga and A1F3 at 900 °C in the cold cell spectrometer, it was found that the black condensate from this vapor could be revaporized at considerably lower temperatures (300° -500 °C) and produced more than five times the absorption intensity. In a systematic study 5 of the reactions of Al, Ga and In metals with A1F3 and CaF3 , we found that about 5% of the metal was converted to the corresponding monofluoride in each case and that the condensed black material contained 40 -60% pure monofluoride. Since spectra of GaF, InF and TIF were observed at the same temperature, 300 °C, in the hot cell spectrometer, it appears that they have very similar vapor pressure. The condensed A1F required a temperature about 100 °C higher than the A1 + A1F3 mixture before resonances were observable. This high vaporization temperature (600° to 700 °C) for A1F made the measurements relatively difficult in comparison to the other monofluorides since all of these substances evidence dissociation reactions which are directly proportional to the cell temperature.
Theoretical Considerations
The molecular rotational constants were derived in the usual manner using the Dunham expansion of the molecular potential 6 . The hyperfine splittings were removed from the observed spectra to give a hypothetical pure rotational transition frequency which may be expressed in terms of the Dunham coefficients as: 
where the value of coe reported from band spectra measurement was employed. The measured centrifugal stretching term, yo2 ( = -De), may be compared with that calculated from the relation:
or oje may likewise be calculated with this expression from the measured Y0o .
In the case where measurements of the nuclear quadrupole coupling constant, e qx Q, were obtained for several vibrational states, the equilibrium value and first order vibrational term were determined according to the following equation: eqvQ = eqeQ + eqlQ(v + l/2).
(6)
Aluminum Monofluoride
The microwave absorption spectrum of 27 A1 19 F was reported by LIDE 1 for the ground and first excited vibrational state. In his first report on A1F, Lide indicated that more accurate measurements should be possible; however, no improved spectrum has as yet been reported. We have undertaken the present study in order to obtain more accurate molecular constants for A1F, and especially to determine the Dunham constant, Y21 > which could not be obtained from Lide's data.
The 7 = 0 -> 1 rotational transitions were measured in both the hot and cold cell spectrometers for the v = 0 and 1 vibrational states, whereas the v = 2 transitions could be obtained only in the more sensitive hot cell spectrometer. The A1F vapor was produced by heating a mixture of Al and A1F3 to 580° -700 °C. It was found that revaporization of the condensed A1F required a temperature about 100 °C higher than the mixture and resulted in weaker transition intensities. The observed line widths were between 200 and 400 kHz. The measured transition frequencies are listed in Table 1 for 27 A1 19 F. The rotational and hyperfine structure constants derived from this data are shown in Table 2 along with Lide's constants, corrected for Y21 . The Gallium Monofluoride BARROW and coworkers 9 have reported a rotational analysis of 69 Ga 19 F from absorption band spectra produced by heating a mixture of Ga and A1F3 to 1000 °C. The 7=1-^2 microwave absorption spectrum of GaF was first observed in the cold cell spectrometer using a similar mixture heated to 850° -1000 °C. Subsequently the spectrum was obtained at 500° -550 °C from the GaF condensed during runs with mixtures of Ga and A1F3 or CaF2 . The 7 = 0 -> 1 spectrum was measured in the hot cell spectrometer at 300° -350 °C with this black condensate containing GaF.
The 7 = 0 -> 1 and 1 -> 2 transition frequencies for 69 Ga 19 F (60.1%) and 71 Ga 19 F (39.9%) are tabulated in Tables 3 and 4 , respectively. The 7 = 0->1 lines had line widths at half-maximum of 150 kHz, while the J = 1 -> 2 line widths were 250 kHz. The rotational and hyperfine structure constants derived from these measurements are shown in Stark effect measurements on 69 GaF were carried out in the hot cell spectrometer on the 7 = 0->1, v = 0, F = \ M F I = 3/2 5/2 transition. The TIF transitions ], j MJ j = 0,0-^-1,1 and 1,1 -2,2 served as standards for determining the electrode spacing. Although both GaF and TIF produce very intense spectra when studied separately, it was found when they were evaporated simultaneously from separate sample holders that absorption intensities were greatly reduced. A metallic coating of the absorption cell occurred in this case also, indicating that a decomposition reaction had occurred. However, Stark effect measurements were still obtained in several runs with the internal standardization technique. These measurements agreed very well with other runs in which the electrode spacing was fixed by a quartz spacer and standardized with TIF measurements previous or subsequent to the GaF measurement. In these cases the absorption cell was not dismantled or cleaned between runs. For GaF Stark shifts of 0.85 to 3.8 MHz were observed at electric field strengths of 225 to 485 V/cm. The dipole moments derived from these measurements are listed in Table 6 , and all values lie well within the estimated error of the average value. to | = 2,45 ± 0,05 D Table 6 . The electric dipole moment of 69 Ga 19 F. The measurements were made in the hot cell spectrometer on the /, F, |MF|=0, 3/2, 3/2->1, 5/2, 5/2 transition. All values are given in Debye.
Indium Monofluoride
The 7 = 1 -> 2 and 2 3 microwave absorption spectra of 115 In 19 F were reported by LOVAS and TÖRRING 2 for the v = 0 and 1 vibrational states. We have subsequently found that improved spectra may be obtained by employing the black condensate from the quenched vapor over In + A1F3 or In + CaF2 . The new measurements were obtained in the hot cell spectrometer, and were undertaken in order to determine the Y2I rotational constant and the electric dipole moment.
Like GaF and TIF, the InF spectra were observed at 300° -350 °C. About 0.4 g of InF, i. e. approximately 0.9 g of the impure condensate, allowed measurements with maximum line intensities for a period of one hour. The 115 In 19 F (95.7%) 7 = 0^ 1, v = 0, 1, 2 and 3 transitions and 113 In 19 F (4.3%) v -0 transitions were observed and are listed in Table 7 . The derived rotational and hyperfine structure constants are shown in Table 8 . The measurements from the earlier work 2 were used in deriving these constants. This produced little change in the original agreement of calculated and observed line frequencies, with the exception of the 7 = 1 -2, v = l, F = 7/2-»-7/2 transition which now deviates by -0.20 MHz from the calculated frequency. Line widths in the present study were 150 -200 kHz compared with 450 kHz previously. The ratio of the In nuclear quadrupole moment determined here is, 9/2 -> 7/2 0 9/2->11/2 0 9/2 -> 9/2 9/2 -> 7/2 9/2->11/2 9/2 -> 9/2 9/2 -> 7/2 9/2->11/2 9/2 -> 9/2 9/2 -> 7/2 9/2-> 11/2 9/2 -> 9/2 ii3jni9jr 9/2 -> 7/2 0 9/2 11/2 0 9/2 -> 9/2 0 while the same ratio 10 determined from atomic In is 1.01456(10). Stark effect measurements on 115 InF were performed in the hot cell spectrometer on the J -0-> 1, v = 0, F = | M F j = 9/2 11/2 transition. As was the case with GaF, the transition intensities of InF and TIF were greatly reduced when observed simultaneously. In this case a simultaneous standardization was not possible. The quartz spacer was used to give a stable Stark cell geometry and standardization with the TIF J = 1 2 transition was performed before and after measurements on InF without dismantling the absorption cell. The TIF standardization showed a \% increase in the electrode spacing Table 9 . The electric dipole moment of U5 In 19 F in the ground vibrational state. The /, F, |Mf| = 0, 9/2, 9/2 ->1, 11/2, 11/2 transition of InF was observed in these measurements. juo | = 3,40 ± 0,07 D as compared to mechanical measurement of the quartz spacer. Stark shifts of 2.5 to 6.4 MHz with electric field strengths of 240 to 385 V/cm were observed with line widths of 300 kHz at maximum shift. The dipole moments derived from several runs are listed in Table 9 .
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Thallium Monofluoride
The thallium monofluoride rotational spectra were observed in the hot cell spectrometer by heating commercially available TIF to 300°-400 °C. All but the 7 = 0 -> 1 transition frequencies shown in Table 10 were measured in this laboratory. Since the 7 = 0-^-1 spectrum reported by RITCHIE and LEW 3 was very accurately measured, these lines were included in the calculation of the rotational constants, and are listed in Table 10 also. Observed line widths were 350 kHz for the 7=1^-2 and 2 -3 transitions and about 700 kHz for the 7 = 3-^-4 lines. Due to this relatively large line width, the magnetic hyperfine splitting from the T1 nucleus was not resolvable. 
fio(D) fi0(D)
